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The relationship of language to early conceptual 'development has 
been ties criHed in a variety of theories (sunmarized in Blank, 1974; 
Macnajnarn, 1972; Nelson, 1974). According to the proponents of sane of 

* » »' ' ' . 

these approaches, language plays ilttle, if any role in the^ development 
and^ structure of the thought of the young child. Among these is the 
riageti2tn position (e.g., Inhelder 5 Piaget, 1964; Pascual-Leorie fi Smith,f 
1969; Sinclair-de-Zwart , 1969) that the development of cognitive structures* 

occurs independently of language.. According to Pi^et, language is not ^; 

<?' 

a *necessary condition for the mergence of opei^t-ional thought , 'although * 
** . ' * 

both language and thought may' depend on the developaent of the same under- 
lying mechanisms of symbolic functioning. Similar ^ewpoints have been 
' expressed ty-Fu^fr (1964,. 1966, 1571) v Lenneberg il^6i\r^acnm (1972),^*" 
and Olson <i970b). /Alternatively, .according to other, approaches, lahguage 
is ♦viewed as important to cognitive develof5ment. Vygotsky (1962) p6stulated 
an initial indepaidence o£ lafiiguage and thought, -then the convergence of 
these abilities when thf child is apj^fbxijnately two years old. Prom then 
->f^ on, thought* processes are -largely deiDeiid^nt on the child's mastery; of 
language. Bmner (1964, 1966) als6 has assigned a critical role to 
»language'in cognitive development. ■ *' ■ ' v V 



The Telationship^'tyf •^cognition to language has been explored in. a 
• • • nunber of studies whidi have examined the. order in which giyerL concepts 
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and lajigiiage. associated with them are aaiuired.' The nssmption of sugK 
stCidies i» that if cSSncepts precede the relevant •language, then one can ' 
conclude that the concepts probably provide a basis for the acquisition' ' 
of tlie related langfiage or at least that language does not .play a necessary ' 
role in the acquisition of the concepts'. Quantity and logical concepts 
•provide an' opportunity to 'alsess the Imiguage- thought relationship because 
non- linguistic techniques exist to assess the concepts. ^ Jn the area .of 
quantity concepts for exan^le, -.Beilin and Kagan j[1969) foiiid that' -children's 
perfomance'on a task involving- the* discriminationr^of one from t\vo objects' 
to be- superior .to thbif abila-ty- .to. p»odiice the correct plviral-s* of jioims, 
posscs$ives, imd vei-bs. Koff ahd Luria. (1973) found that childr€n;were 
able to'learn :the 'concept of middle Vize before they could comprehend and 
produce corf)aratiyes expressing the ^relationship* between bbjects \ 
different sizes." For the development of logical 'concepts , Pascual-Leorie 

< • 

and 5<nith (1969) foimd that children*' s ability to convey infomaifcion about 

class membership was determined by , the logical structure of the tile, not • 

by tl^ 'language available to^hem., .Similarly Jones , (1972) found, that"' 

general verbal ability and the. -use of tentative statements were not related 
, • ^ - ^- ' < - V • ' • 

to -the ability to solve certain-logical problems. Weil (1970) found;. that 

. the development of time concepts preceded the ability to understand the 

past 'progressive "tens<^ and terminology sufe as "before" and "after" in 

relationship to a sectuence' of eve'nts. However, Bruner (1964) found that 

failure to transpose a 3 3 matrix^ was related to Certain inconsistencies 

\xi the child's use of' relational^ language and .Scholnick and Adams (1973) /- 



found that the 'ability to reverse a crassificatdon' matrix \\'as/£6x a^' 
-necessary prerequisite of the ability to comprehend the p^sive 
grammatical structure, which presunably involves a reversal of the acti^^^ , 



^fomis,* 



.The puipQse of t-ho^-p resent' series of studies was to assess t^e 
relationship between the young child's quantity 'concepts and his under- 

standing of certain words related to quantity. An important departut^e ^ 

. . . ^ 'f 

. • • , . ' . *^ , 

frOT previous studies was that Irmguage and related concept abiliti^ were ^ 
tested on "the sane §et 'pf stijriuli, thereby increasing the probability that* 

* these tasks .were measuring 'related structures. Experiment I'jdf/the present 
scries was designed to assess the" se^ciuence of the developn^t 'of elmentary" 
quantity contepte the Understanding of laiiguage aboy/ quantity, :. 
Discriiiiiri^ttion learning tasks were used. to, 'Assess the^oncepts of relative^. 

_maghi-tude differences- and*quantit§Ltive eqliality. Children's responses to 
relational terminology were used to assess their understanding, of 
, quantitative language, ^ • ^ ^ ^ _ . 

.The concept of relative- quantity difference was measured by Siegel's 
(1971)" magnitude discrimuiation learriing task. The child is required to 
•select wlvich of two sets' has the greater or, for counterbalancing^^^Jgi^'er 

nunber of objedts.^ The number of objects in -each set varies from 'trial • 

- ' ■ " ' . \ 

to trial so that the response, is not merely to a single stimulus but is ' . 

"assuned'to be mediated by a concept of relative size. In the corresponding 

i ■ ' • i • ... . ^ 

langXaage task; the child's iniderst^ding,,gf the words, "big' Vdhd "little" 
was tested with -the same stfinuli. These particular words, while not the* 
' most'gtamma'tically appropriate ones, were chosen because ■ preschool 



children have difficulty in conprehending "more" and "less" (Donaldson 
5 Balfour ,,.196 8; Griffiths, Shantz, § Sip.el, 1967^,Siegel 5 Goldstein, 

^69).- "Bigger" arid "littler" are also dif^icujt (Kof^ § Luria, 1973) ' 
for young .children. The ^understanding of nunerical equality was 

j3etennin,ed 'hy an equivalence task (Siegel-, 1971) in which the child 

• is.requireji .to discrifninatef* sets of objects/which, are- nunericariy . 
equal, 'in tRe corresponding language task, the child's underst.anding 
of "sajiie nunber" wds tested with the* identical set -oi stimuli • 

' While E^rimenVl was designed to assess the Sequence o£ develop- 

'ment of lanauage and thought, the other, two studies were^ designed to 
ex:amirte related quest^ions 'of the relationship of language .to thought, 
the"degree to which a relevant word influences concept acquisition and 
whetlier a child can learn -to respond to a word representing a concept. , 

' In Experiment 2, the role of language in concept development was 
assessed by. manipulating thfe presence or absence of -a specific verbal 

■ cue to the nature of the solution. In- Experiment -J, the diild's 
production of ' terminblogy related to quantity" was exami;aed for these ; 
particular stimuli , and the relationship, of the linguistic sKills to the 
perfon?>ance on the concept tasks was "assessed. 

, . Experiment 1 • ' 



Nfe,thod ' . • ; ^ '. •> 



Subjectsf -The stijecfs were -102 d^ldren ^nrollea iii^halF<fay 
-nufseTY schools in-Hainilton, Ontario; There were 4V three year. olds, 



21 boys ancl 24- gi^ls , and 57 four year olds, 29 boys and 28 girls. 'The 
nursery schools ^served predominantly white, middle class, urban areas. 

' " Design . Each child performed four tasks; magnitude-concept, 
magnitude -language, equivalence -concept , and equivalence -language. The 
tasks were adniniste^ed to each^child in bne of eight orders', which 
varied the order of magnitude or equivalence (first or second)' and 
.concept or language within each of these (fi'rst or second). Each.' child 
was tested individually in a small room at the school: 

Concept tasks . • The two concept tasks, described below, were 
complex discrimination learning tasks. Both these concept tasks were' 
tested wi.th a Behavioral Controls 400-SR programmejid learning ^apparatus, 
Tlie .response alternatives ^appeared under a cjear- plastic press panel and 
the clii^d responded by pressing the panel of his clioice. The po?itit)n 
^6f the correct^ alternative varied randomly , from trial to trial. Correct 
responses were rewardedMdth tokens A^ich could^Se^exchanged for a . 
small toy at tl\e end'' of a session.' A non^coirection'pro'cedure was 
used. . The only ins trxjctrqi,, that the cjiild received. was* that selection 
of the correct alternative' would result, in some "play'meney'*^'th'at could 
ibe exchanged .for a toy, * No relational temiiridlogy was usei in the 
instructions. Criterion was 9 out of "10 consecutive correct responses. 
Jf criterion" was not reached'in '50. trials^, the tasic was t6rminated, 
• Magnitude -congept task , There^ere 50 stimuli for this task; 
each stMiitus consisted of \two sets of dots df unequal nmb^r'aftahged iif 
a horizontal line^. eaph set containing f rort- pne ^toyftne dots. The . 
rparucular numbef^^ each stimulus -varied^ frai^ri^l to trial; the/ — 



combinations were selected randomly frbin the, 36 {^os^sible'domlVinations • 
of tlic numbers between -one- and nine, taken. two at, a tim.e/ Approximately 
one half of tlie children ware reinforced for selecting the 'stimulus . - 
with the* larger nurabeif of dots, and the remaindef were reinfo;*ced for , 
selecting' the stimulus with the .smellier number of dots. • . * 

Equival^qnce concept task. The 5Q sets of stimuli tor this task 
each consisted' of a fea^le and four, alternatives ; only one 'of the 
alteniativGS was identical in fiunber to tlie sample. Both the sample 
and tl\e alternatives had betWeeiTDne . and nine dots,. 

Language tasks . Both, language tasks used stimuli identical to 

^their corresponding concept ta^k. These stimuli were presented to the- 

» child on 5'* x T' index cards. For each stimulus., the^ildren were 

'.'I ' .. .. 

asked about the word in question- They^were not giveii 'iflny feedback ; 
about the co^ectness of their response, but they'wgre told -several^ 

y " ^ . ^ ^ ' - " . 

times during *the task that they were doing very well. 

r^asnituae language task . ' -Tlie stimuli for this task were identical , 

* 

to those in the magnitud'^ concept task, except that there v/ei;e^only 
25 trials, «os en .randomly from the^ set of 50. .For each Stimiaus,' 
the child was asked^^o select the '^big'\or, for counterbalancing ^'little* 

Equivalence language task . , The stimuli £ot this task were ^ 
identical' to the .equivai'ence 'concept task except that thefe Were only\ 
2S trials,' chosen randomly frpm the set o£ 50. For each stimulus -the 
ckld was asked 4:0 select, the group of 'dots that had the "same^rtunber" 

as the sample; . . - • - 

• • ^ • 7 • ■ - ' . y 



, Results, • ' 
—4 ^ - . , 



Criteria for^success on the tasks were 'deteimifie^'by calculating 
. the probability of pe.rformance being, significantly different ftcm chance 
(g;^ .OS). The criterion for passing the magnitude and equivalence 
concept tasks was nine out of ton consecutiVfe correct responses. If a ^ 
• child did not reach criterion in '50 trials, lie was cons idered <to have 
fiiiled tlie'task.. \ score of 15 or more correct out of 25 for the' equivalence 
iaimiage^ task (4 dioice) and 18 or more out- of 25 (2 choice) for the 
magnitude langua^ge task /'was required for' a passing score on tljiese tasks. 



Insert Table X about .hfere 



The frequencies and'x (b-inomial expansion, depending *on the size of 
the expected frequencies) values for the relatit)n§hip between success and ^ 
failure on the language and concept tasks (McNemar test, Siegel^ 1956) are 
^lo\^'n. in Table 1. ^ Clear iy, the concepts of quantitative equality an^^-^-' 
difference, as measured' in the present- study, develcped before mderstafiding 
of the relational .terminology in question, spec^icaliy the vfor<Js, "big" 
"little*'- and "same", : , m' 

The concept o/ differences in magnitude may be a necessary condition" 
for understanding the relational teminology *'big" and 'little^' when applied 
to the same stimuli. The' same is true of the roncept of numerical equality 
''and the^'wora-^'-^^weli when *same /refers to nunerica/ identity. These findings 



are qlear from tl\e large percentage, of tkildren p.i> the p^ass concept, fail 
'language cells acd the small numbers (in two cases, 0) subjects in the_ 
pass language j fail concept* cglls^* ' Thus, if -a child failed the'concept 
task, tKere was no-cliance of success in the* equivalence language -test and - 
a veiy small chance ih the magnitude .language test,. ^ Only .three of th6 102 

children sliowed azrbvers^l of this trend^in that their language, d-eveldped^ 

. ? ^ * " " . • » ' ' • ^ 

before the corresponding concept-, in these cases, the magnitude ccoicept, 

Vfliile.-all of 'tiiese three children failed_the magnitude concet)t task; they 

'•consistently selected the vrnong aliemative on almost every trial, rather 

than-res^nding randomly. In all V^ses, they were reinforced for the • 

selection of the .iittler grdip, yet consistently selected "the bigger one. . 

This pattern. of responding, \Vhich, was not rioted in any other' subjects , 

appears to ijidicate the presence of a concept rather than cCmplete 

confusion about tlie differerice between the stimuli. - • • ~ 

To analyze order effects , success rates -were examined in. the groups 

who had either the concept or the I'apguageV teSts first, «pd with one 

exceptipri, there were no differences. The one exception was the, four . -~ 

year olds, in' the case of the ^uivalence'task. A significantly higher ' 

percentage of these children passed' th^" -language- task when it was 

administered after the concept task, than when it was administered prior to. 

the concet)t task (81.25V vs. 56.00%, z = 2.0/, e.<.04; twQ tailed). Since 

■ in tliis case, the success on language task was- greater after having -leamM 

•the concept than before it, learning the concept rfppeared'^to facilitate. 

solution of the Jfenguage task. Since there were no cases in this study in ^ 

which the concept acquisitiwi was facilitated by having .the language-^tdsk 



first, this is indirect evidence that training* the concept nay' enhance 

^ language. There 'were also np significant di f^ferenp'es between either ' 

the children's Icnrndng oftlie eoftcei5t representing biggei^ or littler 

or their cajipreliehsion of * the'* -words, big bf little. Xhere'were na * 

differences betiv^een the proportion of boys 'and g^irls passing^each task.** 

Discussion . , ' ' - 

The concept tasks in thi5 study were, of necessity, leamiTig tasks 

with feedback''provide3*for correct responses,, since this seanSd to be; 

the most reasonable way to assess- concepts *non-verbalXy in the young 

child/ It could be argued that the children did not' actu^llly possess^ the 

magnitude a^jd» equivalence concepts when they started the t4sk, but' \ 

acquired it in the course of the discrimination learnings T^liere ^re ,two ^ 

kinds of evidence which weaken the case for^this interpretation. First, 

the children wlTr> passed the concept task did so in r.elatively few trials* 

Vlie mean nianf)^ of trials to attain criterion for those who succeeded were 

as foUows: 3. year olds -magnitude ^ 8. 57; 3 year olds -equivalence, 7.15; 

- 4" year^ olds -magnitude, 5.04;- 4 year~olds-equiValence, 6.96. Therefore, 

* • 

if there is learning involved \ki the concept tasks, it is quite rapid., • 

^In addition, the probabilities of coA-ect responding in the precrjLteriori 

• • ^ . O ^ 

trials for those who succeeded do not change from .trial to tridl. The • 

pre-crt-terion data'do not suggest gradual acquisition^ although these . 

data obviously^o not preclude *more ali.-or-none learning. % for the 

possibility of differential motivation in the language, and concept t^ks, 

because qf the presence of reinforcemefit in concept task,, if this were 

'the case, certain differences between orders of task administration ' - 



should have .been * found "(Crespi, 1944), The*shi£t •frort rewarci to non- - 
re\>tard should laave; produced a decrement when the language task was , 
adinintetered after the concept test, I^'£act, there were no order' * 
effects,. ^except in ona gTotp in which the ctncept fits t,^. language, second 
-group'performed, better' than the groip vMch had the tasks in the reverse 

order, opposite, to -the above prediction,^ 

• . ' ' ^ ' • » « ♦<< 

On the bas.is of the preserlt results, it seems quite clear that, 

* ^ ' * • ' *• 

for the preschool diild, concepts «' of nunerical 'equality and inequality' 

ar6 learned be^6re the child displays the ability to comprehend relational 

tenninolofiy dbout the same^set df stimuli, • The^derstanding 'of the • 

language depends on' the existence of the cdncept^*, ^hd, as a corollary 

• * ' , . > 

to this, the concepts exist independently af language ^ at. least the ^ 

' * •* * * ' ' ■ 

lanauape investigated in the* present study,. Clearly, the PiageUan 

' / • * * . ' ' ' ^ ' * ' - ' ' * ■ 

position is supported,* It should be noted that Blank (1974). presents • 

evidence for the fact that while visual and spatial 'concepts may not - - - 

depend ,on language non-visual condeptT appear to be dependent ou- 

language"^ even in the young-child. Obviously, gen^eralizations aboiit 

tlie relationsliip of tliougKt and language must depend on the 'enipirical 

studies pf a variety of concepts, both visual and non-visual ones,, 

, ♦ , • " t 

■ Experiment 2 

. Tlae conclusion that the. acquisition of certain quantity concepts 
occurs prior tO-the development of the contprehensioii of the relevant 
.language is st^gest^d. Flowever, the reinforcement differences between 
the concept and languag^asks are a- possible factor in the ^^/fferential 
. perfonnance. -Therefbre, the role^of language was assessed, in'^eriment 



. • . . . - V . . - : - - , 

2 by , varying certain aspects^of the operation of linguistic factors within 

♦ i » ** ^ 

the concept learning task* ' To the extent that this language -thought \. 

independence exists, and if cognitive operations develop before the 

• ' * ' p . . ' ' * 

appropriate language, •then concept acquisition, at lea^t early on, should 

. ' " . ' ' ' * 't 

not be ;d5acilit|ited by language. Evidence of the role of rliijguistic " \ ' 

'*» 

control of cognitive operations in the young diild, under six years -old, 

is > equivocal • Sane studies Mve found little effect of subject generated ' 

or^extem^ally given verbaO: cues (e.g-, Conrad, 1971; Flavell,, 1970; Olson, 

* . * * ' * ' 

1970a,* Osier § Madd^, 1973; IJ^ese., 1962; Whit^, 1965)., ^ile other ; 

studies,, such as^ thos^e of Blank .and Bridger (1964) airi Kendler and.Kendler 

(1962), have found ,that^ verbal cues facilitated the' acqidsitiOTi of certain 

concepts! One of the purpdses^of Experinient. 2 was to detei^nine^^e degree* ^ 

to which verbal labels coullS facilitale the acquisition ofi'th^se quantity ^ 

concepts- iThis rolp of l^uage was assessed by afhii^stefing t^ie ^ . 

/ complex dBcj:iininaiti<m problems described.previouSly to giro^p' of tljree ^ . • ^ 

'and four year oia" children with in^juctia^ whi^ described' the solufeicns*,, > 
.dependin^on which v&s appropriate to* the t^, as the '.•big" i . "little'V ot 

. "same nimbeV' ialtematiye-CCue condition) . ,. ContTol^rQips (No cue eonditipiO; 

' perform^ the identical task without the^rbal die. IfctheSe concepts* 

ejJist prior to the relevant language then, at least in the early stages 

of concept devel'opment, the ypibal cue should "hot facilitate^solirtioh." 

* * . ■ ° ' . 

However, if the veilial cue can influence the problem" solying, then l^njguage 

• . . -• • . — * ' • ' ' * \ 

must be ! vieved as facilitating thought. " - ' 

The child's ,ccii5)rehensioh'qf a particular word is. telsted by. the' 



- i: - • ... X 



above technique; a related question about tlic. relationship between 
language anJ tlipugliti,; concerns^ tlie. degree to wlncla a child can feh'erate 
language ahont quantity in relation to tlie sjLiiiiuli ii$ed in these |)i;oblems 
cuid whetlier or not this language production is 'related *to problem solution. 
Tp the extent tjiat a discrepancy between language and concepts exists, • . ^ 
then language production and concept attainment should not be related. 
In' addition', 4f .tliaug^jt. pc^ii's prior to 'language, then the child $hould • , 
' be able tp solve tlie prob'lgin before h^ can produce quantity language in 
relation to these .stimuli. The chil^'s^ability' to ^sci^ibe th^se stimuli ^ 
with tneanini^Vul language about t;hb^>quantii;ative relatWships was 
exaifi^ned ^n an attempt to. dete,rmine the cJegree to which language pro^^icd 
is related to^the ability to sdlve tliese problems. ' ' - "• ; " 

.Another pur^iose of this- experiment was to investigate certain aspects 
in^,the' development' of the chjld'^' language about quantity* H. Clzr)i » 
(1970) has postulated three stages in the acquisition of relational' , . 'V 

temijilogy. In the fi/st ^t age, children ,iiST>^this tsnnijiology in the. ^ 

■■'»., . - . - ' ' 

noriinal sense;- a relational .word^ aiJjectfve is used to .denote membership . . 

■• I ''s- • ' - • /f 

\n some global, class, but com-parative fj'ropertiesr- ar^ absent frpm-^e •; 



•. ' • ■ 'description. Children at this stage might say of two unequal groups 'They V: 

V""-"^ are- both ' the big" 6ne". In the 'second" stage, both polar terns of 'sane 
' • k ' . ' . ■'' . ■ ■ ■•" .' -t 

, ^ 'cViJiiension art^^-nterpreted'to mean refer to th6 most extended ,,, or positive^ ' 
' » '■ ' ■ ' , ■ • • ■ 

, 'end of the dimension, e.g. , both ';moreV and ;'less" are interpreted as 

meaning 'We"- (e.g., Donaldson 5 Wales, 1970,; Don^l'dsdn Balfour," 196&; , . _ 

.Klatszky, Qark, .f, Mackefi, 1973; Palemo'. 1973) f^3:he .final stage, , 

children .c^ .u^e these v^'ord■s correctly. The present study represents' 
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an atte.ipt to apply" these^ analyses to the young cliilcVs language about 

jquantit)-. ^ • ' V • ^ . * 

Tliese Kyi')otlieses were e'xamined with a variety of stimuli, designed 

to measure the development of the diild's ability to separate the* 

» 

dinlensions, of nunbef and length. -Since it has been found that young * 
-elHldrea confuse .nuipber' and length (gelman, 1972; Lawson,, Baron, q Siegel, 
1974: Pufall Vi Shaw, 1972y,Sie^gel^ 1974), the relationship of language 
anJ quantity concepts of nunerical equality ^d difference was 
ir#"estigated with a variety of stimuli. Stimuli were used' in which 
lengitli and niwher were perfectly correlated, length. provided no * . e^. , 
information <ibout number, and length and nunber w^re negatively correlkted, 
Thes^ tasks' we/e -used to examine the hypotheses (Bever, 1970; Glark, 1973; 
Slobin, 1973) that children's, cognitive and perceptual skills provide the 
bas'is for early language acquisition. The consequence of these theories, 
IS thnt' OS the underlying difificiilty orf the jtasjk . increases , so does the 

probability tha't language mil not'b^e prodjjced <ind coiV^ehended ^n relation 

, . ^ < — 

to that cognitive ability. ' - 

Method" . . ■• 

Subjects . The subjects v;ere »vhite ini<^le class diildren from nursery 
schopls and day care centers in.Ramilton sM Burlington, Ontario. For 
the magnitude tasks, there v^ere'180 preschool^iH^ifeh (60 three year olds, 
30 bpys and 30 girls* 120 four* year ol'ls, 57" boys and>^ girls). For ' 
the equivalence tasks, the' subject? were '80 preschoo^Hinildren, 24 three 
year olds (13 boys.j 11 girlsi j and 56 *^ year old children (28 boys 
and 28 girls). Independent samples; frm different schools ,: were used 



fo-^ the m^nitiide.and equivalence tasVs. The magnitude and equivalence 
tas'ks were each administered by a different experimenter^ in. both ' • 
cases, a white, adiilt female. " . - 

Task^ and design . Both the -magnitude and equiv^lenqe rasks were . 
dij^rinuijation learning tai^ks sijT^ilar to ;those of Experiikent, 1 , but 
instead of the prograrimed leatning anparatus, the. stimuli were presented • 
to the child on 5** x 7*' index cafds.- An individual child was only 

ad^inistere^^ one task, .magnitude or equivalence, and was randomly assigned 

/ . . j . . , > 

tQ one of the conditions within each task. • " . . - 

' ^^i ^ioi^^ For each of the three magnitude tasks,. 40 stimuli were 
usQd, ^ach with two vertical row3 of dots. .The particular niinbers used 
on cacl\ stimulus wre selected randomly^ from .all the possible combinations 
of the numbers two tlirou^h' pin'e^ For each task, the stimuli were presented 
in a predettDnndned i:dndom order.' The- tasks were- 'as follqivs: 

Magnitude -Same Density (Mag-SD) . * The dots in each. set' were equi- ^ 
.distant ^andTthus, the roic with the greater nm1)ir of dots n<as Idfiger . 

" l^ngnitude-Same Length' (Nag-«Q. The rows, of dots.'^in each set-wer.e, ^ 

- * • ^ • • ' 

the sajne ler^th, irrespective^ of the nun^er of dots in each set.* 

y Marnitude-Different Length', Density (^lag-Diff. L-D).' The set of 
..dots with the gre'atef nunber was sbortef in len<gtl\^ thaj>-^te se% \yith 

the smaller number" of dotsr. ^ 
/a representative stimulus from"<each' task is shown ifn Figilre 1/ ^ 



. w * . . ;3c 



Insert Figure 1 about here * ^ 



The subjects were assigned tQ one of four .independenf^roups • Tlxese ^ 
•were the absence or presence of, the v(|ft)al cue (-Cue vs. No Cue) and, within 

eaeli of these groups^ one half of -tiie Subjects were reinforced for ' . 

' • • . " - ' ' \ ^ ' ^ - * * ' 

/ choosing the more numerous set (labelledr 'In^*' for the Cue condition) and . 

' one-half for the set witli fewer objects (labelled 'little" for the Cue K 
condition). 'The instructions for each condition \Nfere- as. folio\>^s : 

Cue. "Here is a picture. Here is another picture, - (T.he experimenter 
pointed tc each one in tiirn). If you pick the big (little, when appropriate) 
picture ^ou will c^et some play r^oney. Wlien you have enough play money, 

^^ou can buy one nf these toys/' . * ' 

- Na Cue, "Here is. a picture. Herjp is anothbr picture, (The' experimenter 
pointed ,to each, one in' turn), T^'^ou pick the correct picture,, you will % 
get -so^e^play money. ^When you have enough play mpiifey, you can buy pne 

^ of tl^esc toys". 1 . * , ' 

, Correct responses we re "reinforced *with^ coin,^ For the first* five < 
trials, i^f tlie child did not:.select ,the correct one, the experimenter 
told the child his*'choice was wrong and then pointed to the correct one 
.and told.tlie <:liild. It was tiie correct one. Two nursery schools did not 
want the fhild|:eri.to reeelLvc the.^ovs,"s6 these dhiidren only accumulated 
coins. It appeared that the children In these schools did not perform ' ^ 
di^fferentlyHfroB the others, so tlie data frotn these schools was. included 



with the others, ^ / / 

, Tlirce different task orders were used,. For each of these fpur 

groups, there were, five y.ear olds given each order and ten four* year O'lds^ 

< ^ • <^ ' . , 

given caclvprder. Each child was administered 40 trials. \ 



Equivalence.- For each' of the four equivalende -tasks , theje were' 40 
—J ^ • • . ■ . . 

styiiouli ,.oach of 'chif!\ contained three horizontal 'rows ofxiots. The 
top half contained one row, called tlae sample, and the boftom half had , 
,t\co rows only one of wliich was equal- in nunber to the ^ainple* . The 
particular numbers^ were selected randcnly fron all possible conbinations"^ 
of the nunbcrs two througla nine. For each^task, the stimuli v/ere 
* administered in a predetermined fandon order, - The four t?is,ks were as 

follows ; . ^ 
^ • ^ Hquivalenie-Same Density (F.quiv-SO) , The dots in the sample, and 
two alternatives were equidistant and thiis^ the sets with the greater 
nml)er 6^ dots were longer, " ^ . ^ v ' . . \ 

Equivalente-Samo Lengtli (Equiv-'.SLy. The sample and the alternatives 
were all 'eqvaal ',in' length, irrespective of the nun?:«r of dots in t|ie set. 

Ec{iuvalence-pifferent Length*, Same -Density (nquiv-Diff L-SD) . Tlie • 
.correct ^alternative (identical in nlinber) 'was a different length fron 

« , 

• the sample, flie incorrect alternative -was - the same density as the sample. 

■ F.quivaleace-Diffei:ent Length-Sane Length CCquiv.-nif-f L-SL). The ' - 
V. correct, alternative- was a different length from the -sample. The incorrect 

• ■ ' - ' \ . ' 

■■■ alternative was the sane length as the sdriple. • 

• \, . ' . ■ ■ 

A representative ^stinul.us irom each task is sho^- in Figure 1. , 

■ The subjects were -Assigned to one of two conditions (Cue vs. -No (^ne^^ 
y/tyi^e of cue/ concept (Big Vs.' Little), ^d task (sn, _SL, and Diff. L-D) 

was performed on these data.' For .the three year olds^ there were no - 
significant differences in error rates a^ a function of condition "or ty^ 
—^oQ cue/concept. ' Thexewas a sij^nificaht task effect (F (2, 112)=7.64;/ 



a .005); the SP task .was significantly easier. than -the other two/ 



(Duncan^'s multiple range test, n<.05). 
were significant effects of condition (F* 



of cue/concept (F (1,116) = 22.44, y)01) 
between these two variables (F '(1,116)'^= 10. 




Lficant interaction 
' There 

dif/erence5i j.n error rate for the^J^g and 

condition, but there were significant differences between the effectiveness 

/ » ' • 

of Big and Li^t?.e in the Cue condition, vThere was also a significant, , 
effect of task (F (2,232) = 7.96, n .OOi); the SQ task was' the easiest,' ^ 
'.the SL t^ask more difficult, and Pi ft. L -11 the mdst difficult (Duncan's 



multiple range test ,'2^ <;.0;5) 



Equivalence t^Bk analys^is/ The mean nunber'of errpts for each age 



group is' shojvn in Figure 2. -;^ixed model analyses of variance for condition 
(Cue vs.' No "cue) and task Q$D, SL,\Piff. L-SD, Jtiff. L-SL) were perfomed 



separately for each age gyoup. For the '"''thr^e year olds, there cWere no 
effects oftaiiks or Condition (F<1)., the majority of the three year olds 
were performing at, ormear, chance- levels ^20|Brrors). For the four year 



•olds, there were significant effects .of Cue (F (1,54) = S.17, 2.^ -005) and 
task'(F (3^l62)^= 4/4I, p-rfsC.01)-and no significai^ interaction (F .(3,1^2) 
\ = 1.25). The Diff./L-SL task was significantly more difficult than tl^e 
other three (Dui)(Sali's multiple range test, £^.05). Eor either tlie 
magnitude' or the /equivalence tasks, there- were no significant order effects 
or sigr^ficant differences between the perfoVmance of boys and girls. ^ ' , 
/'Language s/nalysis^l'^ The subjects' responses to 4he.^ language production 
y-task were sco/ed for the presenc^gpr absence of correct quantity resp^Jnse ' 
by two independent raters. .Examples of appropriate responses were 



» / 



ERLC 



•The big one", "The one nith more dots" --(mapnitade) , or 'They both have • 
the same ritmber'; (equivalence)., Inappropriate responses were such 
statements as, "I wanted to", "I like that one",, "The ones that have two", 
'This has -four an^, this has seven"; Failures to respcmd were also " 
included in this category.- The relationship. between success and failure 
on each task (criterion was 9 out of 10 consecutive correct responses) 
and production o^f quantity language was calculated, by the McNemar test.- 
.For the three- year olds, successful performance on two of the m,agnitude 
concepts tasks (SD) and .(Diff . L-D) occurred prior to the ability to 
prdduce the appropriate 1^4ntity responses. Significant numbers of 
children passed the concept tasks and failed the language production 
tasks. The same was. true for the fbjnp year olds on the MAqrSD task 
and the etiuivalerice SL and^ biff. 'L-D tasks. For .the other tasks, thete 
were no significant relationships between quantity language production 
and concept solution. * 

• • The language saii9>les from the magnitude tasks were analyzed to 
-dfitemine the nominal or relational qualities of the child's descriptions 
of 'the ' stimuli. Analysis of the linguistic descriptions of the equival- 
ence sBmuli showed that if a quantity language was used, it was . 
'relational. For the magnitfide^ task, the children's responses were 
classified, in one of three categories: nominal (e.g. , '^the big (little) 
one", "it's too>ig", "they are, both big (little)"), relational (e.g., "the 
big pictpe has moi^, dots than....th,at one", "this is more bigger", "tMs has 
more (les^X dotsV) , and other (incliiding no. response) . For the three year; 
olds, 15i>f the r?si;onses werl nominal and' 31 were relational. There 
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was ha signifipant difference' in error rates between the. children v^o* 

used nominal or relational responses except fqr one taslc, NWG-SD in 

the Cue-Little .condition* The relational responders 'made significantly 

fewer errors than the nortin^l ones, (Duncan's multiple range test). • 

In addition, a nunber of diildreft in this stiK^ demoaisttated a response 

pattern \^ich may be representative of an intemediate stage proposed 

by Clark (1970) in v^iich children use a single word to denote both 

ends of a pol^ dimension, for example, **mQife" is tinders tood^ to mean 

both 'Wre*' and *'fewer*\ * This response pattenf consisted, of selecting 
'I • ' ' ' • * . » 

the^wrong alternative on most of the tridls (at least 35 out of 40). 

. * • *. • 

Of the three year olds, 6 out of. the 30 children who were adninistered the 

* . "f^. _ 

Little tasks did this on at least one af the tasks. No three year old' 
did this in the Big tasks. Nine four year olds showed the same response 
pattern in the Little* conditions and four did in the Big condition. 
Their verbalizations in the langiiage productitdh task were, for the most 
part, correct; for example, in thie Little groi4)S, they stated that 
they were selecting the littler stimulus, although, in* fact, they were 
ci^istently' selecting the more nuneioiis of the two groups. Therefore, 
they used the antonym to refer to the conc^t. Since most of the 
confusions occurred in. the Little conditions, and "little"- was interpreted 
as meaning "big",, this response pattern 'coxjld be a result of the child's 
linguistic confusion of assigning one teim, 'usually the .positive one, 
to both ends of the dimensions. ■ _ ' , " 

To determine whether or not jOjere-M^re/ten^ncies in- the children' s 
linguistic response to refer to the positive, opposed .to the negatiye • 



end,#of the flimension,,fesponses in'thp lang^uage production task were • 
cjassified as positive (e.g., bi^more, t^ler) , negative^ (e.g.yj' little,^ 
less , short) inixe4 (use of bo.th types of terminology) , or irrelevant or 
no response* These data, are shown in Table 2; Clearly, fot*both the^ 

J • Insert Table 2 sJbout heYe • v 

.three and four' year 61ds, in the Big conditions (both Cue and No cue>, 

there were significantly more References v to the positive end of the 

% . ' , ^ . < . ' ' ' * ^ 

dimension. Even in the Little cQnditit)ns, there were more responses \ 

i 

J. 

to 'the positive end of ^^^dimension, although the.differences were not 

significarit. \ ^ * ^ 

Discussion • * . ^• 

Epr the younger children, a verbal cue did not facilitate the 
learning of nunerical "Similarity or differeWe; for the older children, 
it did. These data suggest -that in the early stages of. quantity concept 
foiroatidn, language and thought function indef^ejidently and language has 
no ^facilitating effect on thought. ^Problem solution occurred prior to 
language production for some of thrf tasks, 'for others they were not 
related. In the' case of the four year olds , the facilitating effects 
of a cue .can be considered evidence for verbal mediation. In this case, 
the argument for the independence of . language-^nd .thought cannot be 
made; it would appear that the, older children could us6 this language 
cue to' help them to solve the problem. However, even in the older age 
group) there wei« nnany children who could arrive at the 'correct solution . 
,but,coul(l not*describe either how .they did so, or the critical dimensions, 
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e 



of the stim)Lili in any meaningfi^ way. lit should be noted that' bfte , of ^thc^ « ' 
stimuli was-availay.e during, the production task, so that memory failure ' 
was not a significant factor in pool* perfoimance. . ^ . 
^ ' As children mature, they are more; likely to use comparative . \ ;^ 



rather than nominal,- non-relational teiiSinoldgy. Occasionally), another ^ 
\ use 6fJjJi|uage occurred which was suggestive of air intermediate level * ^ 

' ^ ■ ^ ' • . • ' ^ ' ^ 

of responding. In' these cases the child would <use the samfe word to ' 

i refer to 'opposite ends of a dimension^* and combine this word withva 

. \ different adjective or modifying phrase to refer to each extreme of the*' * 

'[ " .dimension.' For 'example, the children say such things as, "thi's is .v T 

i . big^and\l;his is ajittle bit big^'^/'this has a little l?it lotsa dots 

and this'J^s lotsa lotsa dots", "these are wider in and these are 

! * • wider out*',\"those are farther together ana they'xe almost together", 

* ' * "it's too long and-it's not too long", "this is long and this is a bit 

* • \ • * ' ♦ 

' / loijg" (pointing to the shorter of the two stimuli).* 'This type of 

usage^may accou^Vor the child's error in labeling opposite ends of 
the same dimension with the same word.. If he gets confused and forgets 

4 • • 

" . ' the modifier, -the type of errors tHat Clark (1970) and Donaldson and .i ': , 
- "'tt - . ■ ' ' . ♦ 

. Wales (1970) describe could quite e^ily result". . ■ , »r ' ' 

. ' . While there/i's clear evidence for a^ymnetry in the acquisition of' ' ^ 

' , positive and negative relational terminology, the same asynmetry • is Hot « 

■ apparel^t in the acquisition of the concepts. There were no differences v 

• . . between the ^uisitiofi t>f the Big an^ Little concepts in the No cue ' ^ • 

V -condition, but Big facilitated concept attainjient more than Little^ -.^ 

' did the Cue condition. In Experiment^, the Big and Little concepts % 
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were of equal difficulty.-^ The asymmetries §ippea^to be more related 
to langOage acquisition rather than to the acquisition of the cbncepts, 
again sugg,esting an independence of language and thought • The failure 
t<x find asymmetry in concept acquisition parallels the finding of 
Cole"^ Gay, Click, and Sharp (1968) that tfte Kpelle peqile, in whose ' ^ 
"j^guage there ia a predominant use qf the positive as opposed to 
negative terminology to refer to size, showed no asymmetry\of trans-^ 
position of a'size concept. . \ • 

The 'order of task difficulty replicates therfindings 'of Siegel ^ 

-v.- , ' ' ' , 

' (1974) in which the child gradttahy learns to- separate and coordinate 
" the dimensiofis o£ length and number. The Mag-Diff . L-D task, in which 
length and number are negatively cerrelated,, ?fid t^is required the • 
coordination' of. these two dimensions, was especially difficult. One 
' of the children verbalized this problem with this task,- "this one is 
"bigger (pointing to the more numerous, more dense set) but. this one 
is*two so it's smaller-.'lnother^ifd said, "it's- big because if 'you 
get mixed Ajp you know'^it^s bi^". It is apparently the relationship of ^< 
thesi two dimensions that creates the difficulty with the undergjahding 

of number. ' ' , 

The results 'of the present study(^are -relevafit to cfettain issues 
in language Wsition. iThe develojiment of the child's pefC^tual and 
, cognitive skiiu'has bein. suggested as the basis foi^) ekriy .laftg«&ge 
acquisition -(Bever, 197D; E. Clark,' 197^4; Slobin, 1973)'. 'The present 
study suggests, that conceptual development, in this case the'ability 
to recognize nunerical' equality .and inequality, ^curs priorjo- the 



.child's acquisition of relational terminology' and is .necessary, ^ut ' 
not 'Sufficient , for this acquisition. In addition, these data " ^ 

partially support the'.assertion that relative *cognitive>co?nplexity - * 

determines the order in which language will be acquired,^ .The / 
magnitude concept represents a simpler, more.tasic. quantity concept , 
than the equivalence one (for a *fin:ther discussion of this poiijt see 
Brainerd, 1973; Siegel, 1974), Cleai'ly, the magnitude concept was "^he 
easier oh^. Understanding of the, words big and little preceded the 
understanding of saine, number, at least for the younger children in 
this study. Thi§ difference -is evidence for the fact that- words 
for the more ccmpiex concepts are learned later . than^ words for the 
sijnpler ones,, ^ • ' \ ' 

. * . The'j'esults o^' these studies Vt^pngly suggest that initially 
language and ;thougJit function independently in th6 youig child, and 
that as the child -developsl, the concepts and language tend to become 
more related. The implications of these findings for- the assessment . 
of cognitive Gf>erations in^the yomg child quite clear; concepts 
pn^'a noh-ji^erbal, probably perceptual level, before language has any 

relationship to them. Therefore", to the extent that the resixlts from 

' . - / ■ ' 

•these experiments are generalizable to other concepts measurements • . 

■ ' ' • .. • ■ , - . ' / , - 

' of 'cognitive skills which' rely ,on the i^erstanding of/ language or 

the production of linguistic- responses will underestimate the cognitive 

abilities of the young 'Child. These studies ddni^trate that children 

caaa process information about relative and absolute size in a meaningful 

way and assimilate new instances of these concepts , .yet not necessarily 

be able to respond to or -produlce language -about xiuantity. 
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"Table* 1 



Concept and Langiiage Perform'ance (No«^ of Subjects) : Experiment 1 



Group 



Pass Language, 
Pass Condept 



Fail Language, 
Pass Concept 



Pass Langiiage, 
Fail Con(;;ept 



Fail Language, 
^il Concept 



Magnitude 



I 


3* ye^r 0I45***"" 




20 




8 




4 year olds*** 


. 37 

/ - 


/ 

• ■ 17 


.1 ■ . 

I- 


' " 2 








i 

Equivalence 


r' 


♦ 




,r 
\ « 


— ^ — ■ — - 

3 year olds* 


7 • ; 


4. 


0. 

< 


34. 




4 year olds** 


,„40 


8 


, 0 . 


. ■ 9 



o 



31 



*£<:.o6 
004 
001 



32 



31 



•Table 2 

I 



Asymmetry of Language Production in Magnitude Tasks: 
^ ' Experiment 2 



3 year olds 



Proportion of Responses 





Positive 


• Negatiyei . 


Mixed 








* Cue-Big^ ' - 


•27 


.02' 

/ • 


• 04 


Ho Cue-Big** ^ 


• .09 


0 


U 




.09 


.09'. 


. .09 ' 


No fue-Little' 


'.07. . 

; 


.02 

_ . . .! 


.02 










* 


Proportion of Response.s 




4 year olds \ * 


Positive 


^-Negative 


Mixed 






<»-■ — • - ., 




"Cuefiig* 


.42 


' .05;- 




No Cue-Big* • 


• ■ .32 


.04 


.08 










' Cue Little 


^ .21 , 


.14 


• * 


'No Cue-Little ^ 


' .14 


.09 - 

1 


'..10 . 



Significance of difference' between. positive 'and negative ^/ . 



** 



£<.03 
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Figure , Captions 
Figure !• Representative stijnull fron eadi o£ the tasks, 



Figure 2. Mean nunber of |rrors as a^function of condition And age. 
'(Experiment 2)/ 
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